Ductal adenocarcinoma is an uncommon variant of prostatic adenocarcinoma with a generally more aggressive clinical course than usual acinar adenocarcinoma. However, the molecular distinction between ductal and acinar adenocarcinomas is not well characterized. The aim of this investigation was to evaluate the relatedness of ductal versus acinar prostatic adenocarcinoma by comparative gene expression profiling. Archived, deidentified, snap frozen tumor tissue from 5 ductal adenocarcinomas, 3 mixed ductal-acinar adenocarcinomas, and 11 acinar adenocarcinomas cases were analyzed. All cases of acinar and ductal adenocarcinomas were matched by Gleason grade. RNA from whole tissue sections of the 5 ductal and 11 acinar adenocarcinomas cases were subjected to gene expression profiling on Affymetrix U133Plus2 microarrays. Independently, lasercapture microdissection was also performed on the three mixed ductal-acinar cases and five pure acinar cases to isolate homogeneous populations of ductal and acinar carcinoma cells from the same tumor. Seven of these laser-capture microdissected samples (three ductal and four acinar cell populations) were similarly analyzed on U133Plus2 arrays. Analysis of data from whole sections of ductal and acinar carcinomas identified only 25 gene transcripts whose expression was significantly and at least two-fold different between ductal and acinar adenocarcinomas. A similar analysis of microdissected cell populations identified 10 transcripts, including the prolactin receptor, with more significant differences in expression of 5-to 27-fold between ductal and acinar adenocarcinomas cells. Overexpression of prolactin receptor protein in ductal versus acinar adenocarcinoma was confirmed by immunohistochemistry in an independent set of tumors. We conclude that ductal and acinar adenocarcinomas of the prostate are strikingly similar at the level of gene expression. However, several of the genes identified in this study, including the prolactin receptor, represent targets for further investigations on the molecular basis for histomorphological and clinical behavioral differences between acinar and ductal adenocarcinomas.
Ductal adenocarcinoma is the most common histologic variant of prostatic carcinoma. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Most studies have shown a more aggressive clinical course for ductal adenocarcinoma compared with usual acinar adenocarcinoma. [6] [7] [8] [9] [10] [11] [12] [13] [14] There has been debate as to whether ductal adenocarcinoma is an entity that is distinct from acinar adenocarcinoma. 1, 5 Ductal adenocarcinomas are often admixed with acinar adenocarcinoma and ductal and acinar adenocarcinomas can share certain histopathological attributes such as cribriform growth and origin in the peripheral zone. Yet, there are also differences in that ductal adenocarcinoma commonly arises in large periurethral ducts, displays a papillary growth configuration, and characteristically is comprised of tall pseudostratified columnar epithelial cells. Despite these differences, it has been proposed that ductal adenocarcinoma results from spread of typical acinar adenocarcinoma into large accommodating periurethral ducts and stroma, 5 although this is a minority view. The World Health Organization tumor classification book 3 and the AFIP fascicle 4 currently recognize ductal adenocarcinoma as a variant and subtype of prostatic adenocarcinoma, respectively. The molecular relatedness of ductal and acinar adenocarcinomas of the prostate has been addressed in only a few studies. Limited scale data do exist on comparative protein expression in ductal versus acinar adenocarcinoma, 7, 12, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] but comparative global gene expression profiling has not been performed. The aim of this study was to examine the gene expression profiles of ductal versus acinar adenocarcinoma to assess the molecular relatedness of ductal and acinar adenocarcinomas and to identify potential molecular differences that may explain the different histopathological features and disparate clinical behavior of ductal adenocarcinoma of the prostate.
Materials and methods

Human Tissues
After IRB/human studies approval, archived, deidentified, snap frozen tumor tissue from 5 cases of ductal adenocarcinoma and 11 cases of acinar adenocarcinoma matched for Gleason grade (mean Gleason score of 8 for ductal cases and 8.2 for acinar cases) were obtained from the Siteman Cancer Center Tissue Procurement Core Facility for RNA isolation and gene expression microarray analysis. Frozen sections of banked tissue were reviewed for tumor cellularity, Gleason grade, and histological type. Whole tissue sections used for RNA extraction had a mean of 65% (range 25-100%) of the tissue cellularity involved by carcinoma. Formalin-fixed, paraffin-embedded blocks of ductal and acinar adenocarcinomas used for immunohistochemistry were identified by a computerized search of the surgical pathology files at Barnes-Jewish Hospital.
RNA Isolation from Frozen Tissues and Microarray Analysis
Serial 50 mm sections were homogenized in TRIzol reagent (Invitrogen, Carlsbad, CA, USA) to extract total RNA from whole tissue ductal (n ¼ 5) and acinar tumor samples (n ¼ 11). Laser-capture microdissection from frozen sections of three additional mixed acinar and ductal adenocarcinomas cases and four Gleason grade matched acinar adenocarcinomas was performed using the Arcturus Pixcell II instrument. We did not separately identify and microdissect intraductal components of ductal adenocarcinomas. RNA isolation from microdissected ductal and acinar cell populations was performed using the RNA Micro Isolation kit (Stratagene, La Jolla, CA, USA) as described earlier. 26 All RNA was quantified by Nanodrop spectrophotometry (Thermo Fisher Scientific) and qualitatively assessed using an Agilent Bioanalyzer (Agilent, Santa Clara, CA, USA).
Five micrograms of RNA from each whole tumor section was converted to biotinylated, antisense cRNA target by the Siteman Cancer Center Multiplexed Gene Analysis Core, using Affymetrix GeneChip reagents and the manufacturer's standard protocol (Affymetrix, Santa Clara, CA, USA). Fifty nanograms of RNA from microdissected cell populations was independently converted to biotinylated, antisense cRNA target, using the Affymetrix two-cycle labeling method. All biotinylated targets were fragmented and 15 mg of each was hybridized to HG-U133Plus 2.0 GeneChip microarrays following the manufacturer's protocol. Scanned array images were reviewed and converted to signal data using the Affymetrix MAS 5.0 algorithm, scaling each array set (total tissue RNA and microdissected RNA) independently to a target intensity of 1500. Scaled data for each array were exported to the Siteman Cancer Center Bioinformatics server (http:// bioinformatics.wustl.edu), merged with the updated gene annotation data for each probe set on the array, and downloaded for further data visualization and analysis. The completely annotated, minimum information about a microarray experiment-compliant dataset can be found at the above noted URL and also at Gene Expression Omnibus (http:// www.ncbi.nlm.nih.gov/geo/).
Data Analysis
Basic microarray data visualization, data filtering, ANOVA analysis, and hierarchical clustering were done using Spotfire DecisionSite for Functional Genomics (Somerville, MA, USA). The P-values obtained from ANOVA were corrected for multiple testing based on the method of Benjamini-Hochberg. 27 Data sets from whole tissue sections and microdissected cell populations were treated independently, as they involved two different methods of target preparation.
Microarray probe sets that were scored 'absent' across all arrays and Affymetrix control probe sets were removed from further analysis. For unsupervised hierarchical clustering using Ward's method, signal values for each probe set across arrays were normalized by the Z-score method and relative expression was used to generate clusters. For comparative analysis, the significance analysis of microarrays algorithm 28 was used to identify differentially expressed transcripts between two, unpaired classes (acinar and ductal) with the minimum possible false discover rate. Secondarily, a simple two-class ANOVA analysis was performed to calculate P-values, which were subsequently corrected for multiple comparisons. Lists of significantly different transcripts were further filtered by the criteria that expression values (signal levels) were at least two-fold different, in anticipation of the need to confirm results using less quantitative immunohistochemistry.
Immunohistochemistry
An independent set of archival formalin-fixed, paraffin-embedded tissue from 20 cases of mixed ductal-acinar adenocarcinomas of prostate was retrieved for immunohistochemical staining using a mouse monoclonal antibody reactive with the prolactin receptor (prediluted clone SPM2123; Spring Bioscience, Fremont, CA, USA). The tissues were from radical prostatectomy cases from 1995 to 2003. The primary antibody incubation was for 0.5 h at room temperature after antigen retrieval followed by Vectastain ABC development (Vector Laboratories, Burlingame, CA, USA). The positive tissue control was breast carcinoma and a positive staining signal was cytoplasmic. Visual inspection grading was performed by assessment of intensity of staining as negative (0), weak (1 þ ), moderate (2 þ ), or strong (3 þ ). The percentage of stained tumor cells was graded as p10% (1 þ ), 11-50% (2 þ ), 51-79% (3 þ ), and X80% (4 þ ). The immunoreactive score was determined as the product of the intensity and percentage of staining. The maximum assigned immunoreactive score was 12.
Results
Among the 16 whole tumor tissue sections analyzed, unsupervised hierarchical cluster analysis based on the entire set of expressed probes (B38 000 probes) showed no consistent, global difference in the gene expression profile between acinar adenocarcarcinoma (n ¼ 11) and ductal adenocarcinoma (n ¼ 5). To determine whether such a distinction could be better observed at a cellular level, a similar analysis of a smaller set of seven microdissected cell populations was performed. However, expression of the B37 000 probes in this sample set also did not distinguish acinar cells (n ¼ 4) from ductal cells (n ¼ 3). These data suggest no global differences in gene expression between these two cell types.
To identify specific differences in gene expression between acinar and ductal tumors, we performed both simple ANOVA analysis as well as a more stringent significance analysis of microarrays analysis. We identified a total of 41 characterized transcripts with significant differential expression (Po0.05, correct for multiple comparisons), but only 14 of these transcripts showed a differential expression level of greater than two-fold. Furthermore, applying significance analysis of microarrays analysis to the whole data at a minimum false discovery rate of 20% confirmed only nine of these transcripts (Table 1) . Genes in bold demonstrate significant difference in expression by both ANOVA and significance analysis of microarrays analyses.
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A similar but smaller analysis of acinar carcinoma cell-enriched and ductal carcinoma cell-enriched microdissected cell populations identified 30 characterized gene transcripts with significant differences in expression of at least two-fold between ductal and acinar adnocarcinomas ( Table 2) . However, this acinar versus ductal cell gene signature identified from microdissected cell populations still could not correctly classify acinar versus ductal tumors from whole sections, suggesting that intra-tumor cell heterogeneity is a significant confounding factor in defining a single molecular phenotype.
Of the 30 differentially expressed transcripts identified from the microdissected cell populations, expression of prolactin receptor transcript was elevated by approximately six-fold in ductal versus acinar carcinoma cells. To validate prolactin receptor protein expression in ductal versus acinar adenocarcinoma, immunohistochemistry was performed on 20 cases of adenocarcinoma of the prostate with both ductal and acinar components in the same case. For these 20 mixed acinar-ductal adenocarcinomas cases, the Gleason score of the ductal component was 8 (17 cases) or 9 (3 cases). The mean Gleason score of the acinar component 
Discussion
The data presented here show a high degree of molecular relatedness of ductal and acinar adenocarcinomas of the prostate, as assessed by gene expression profiling. Indeed, only 10-30 characterized gene transcripts across the entire assayed transcriptome were identified as significantly different in expression level when comparing ductal Only a few studies have assessed the molecular relatedness of ductal and acinar adenocarcinomas of the prostate. 29 The expression of only a few specific proteins has been evaluated by comparative immunohistochemistry. Similar to acinar adenocarcinomas, almost all ductal adenocarcinomas express prostate-specific antigen and prostate-specific acid phosphatase. [15] [16] [17] 20 Alpha-methylacyl CoA racemase (AMACR) expression has been detected in 58 to 100% of ductal adenocarcinomas. [22] [23] [24] Although a lower percentage of cases of ductal adenocarcinoma seem to express AMACR compared with acinar adenocarcinoma, it has not been established whether there are comparative quantitative differences in AMACR protein levels. Another difference in immunophenotype is in Ki-67 labeling, in which the Ki-67 defined proliferation index for ductal adenocarcinoma is high, with a mean of 33%, compared with usual acinar adenocarcinoma, at a mean of 8%. 25 In a small series, ductal adenocarcinomas displayed more frequent cytokeratin 20 expression. 16 Immunohistochemical staining for other proteins, including estrogen receptor, androgen receptor, p53, bcl-2, and CEA, has been performed in a few ductal adenocarcinoma cases, 7, 14, 18, 19, 30 but it is not established whether there is a difference in expression compared with acinar adenocarcinoma. Genes identified as exhibiting a greater than twofold change in ductal versus acinar adenocarcinoma are potential candidates for further study in attempts to explain the different histopathological features and disparate clinical behavior of ductal adenocarcinoma of the prostate. Of the 30 genes displaying a greater than two-fold difference in the microdissected samples, 10 were overexpressed greater than five-fold in ductal versus acinar adenocarcinoma and two were underexpressed greater than five-fold. Several of these genes have intriguing functions attributed to their protein products that could be important in ductal adenocarcinoma structure and biology. For example, CD24 (11.5-fold overexpressed in ductal adenocarcinoma) and cadherin-like 23 (8.8-fold overexpressed) have cell adhesion-related properties. CD24 is a potential oncogene reported to be overexpressed in a large variety of human malignancies. 31 We selected the prolactin receptor for further characterization, as this polypeptide growth factor-receptor axis has been implicated in the development of the normal, 32, 33 hyperplastic, 34 and neoplastic 35 prostate. We found the prolactin receptor to be overexpressed in ductal versus acinar adenocarcinoma at both the transcript level and at the protein level, as validated by immunohistochemistry. Whether the prolactin receptor might affect ductal adenocarcinoma growth to a greater degree than acinar adenocarcinoma is not known, but it is of interest that prolactin promotes ductal morphogenesis 34 and an increase in volume of ductal epithelium 32 in rodent prostates. It should be noted that the prolactin receptor, although overexpressed in ductal compared with acinar adenocarcinoma, does not seem to be practical marker in immunohistochemistry for ductal adenocarcinoma, because of the overlap in immunopositivity in ductal and acinar adenocarcinomas.
In the future, the genes identified here as overexpressed in ductal versus acinar adenocarcinoma could serve as targets for development of markers of ductal adenocarcinoma. One approach would be to test additional antibodies, where available, in immunohistochemistry against the protein products of other overexpressed genes. A second approach could be the development of a quantitative RT-PCR assay, applicable using formalin-fixed, paraffinembedded tissues, for a panel of gene transcripts to distinguish ductal versus acinar adenocarcinoma.
On the basis of the results of this study, ductal and acinar adenocarcinomas of the prostate are highly related at the molecular level, as assessed by gene expression profiling, using both whole section and laser-capture microdissected cell populations. There is a small set of genes that exhibits a significant fold difference in expression level between ductal and acinar adenocarcinomas. Further research on these genes may provide insight into the basis for the specific histomorphological attributes and aggressive clinical behavior of ductal adenocarcinoma of the prostate.
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